Reactions of 2-hydroxyphenylmethanones 8 with 1-chloro-1-(benzotriazol-1-yl)alkanes 9 give intermediates 10a-h , which were converted by trimethylsulfonium iodide to oxirans 11a-h. Treatment of 11a-h with LDA gave either 3-hydroxymethyl-2,3-dihydrobenzofurans or 3-hydroxymethylbenzofurans depending on substituents.
3-Hydroxymethylbenzofurans also occur naturally. 4, 6 Benzofurans undergo electrophilic substitution at the 2-position, and this normally precludes the direct introduction of a 3-substituent. Available methods for the preparation of 3-hydroxymethylbenzofurans 1 include (i) ring syntheses which often involve multi-step reactions, 5, 7 e.g. via benzofuran-2,3-dicarboxylic acid 2; (ii) Pd-catalyzed heteroannulation of 2-iodophenols 3 with O-silyl protected alkynols, 8 or from 3-(2-bromophenoxy)acrylic ester 4; 3 (iii) cyclization of 1-[2-(2-propynyloxy)phenyl]diazonium salts 5; 9 (iv) reaction of O-silyl protected 2-ethynylphenols 6 with aldehydes under TBAF catalysis; 10 (v) oxidation of 3-methylbenzofurans 7 with selenium dioxide followed by reduction with LAH; 11 and (vi) bromination of 2-position protected 3-methylbenzofurans 7 followed by hydrolysis of the intermediate 3- bromomethylbenzofurans Recently, benzotriazole mediated benzofuran 13 and benzothiophene 14 ring syntheses were reported. We now disclose a related route to 3-hydroxymethylbenzofurans 13 in good overall yields (Scheme 2). methanones (8) and 1-chloro-1-(1H-benzotriazol-1-yl) alkanes (9) reacted under basic conditions to give alkylated derivatives 10 (Scheme 2) in good yields ( Table 1 ). The structures of compounds 10 were supported by their 1 H NMR and 13 C NMR spectra. Compounds 10a-h were converted to oxirans 11a-h (Scheme 2) by treatment with trimethylsulfonium iodide (3.0 equivalents) and potassium tert-butoxide (3.0 equivalents) in DMSO solution at 0-5 °C. Oxirans 11a-e and 11g-h were purified by column chromatography on silica gel and obtained in 59-88% yields, except for compound 11e which was isolated in only 35% yield. NMR analysis of crude product 11f showed the presence of 70-75% of desired 11f (three characteristic doublet of doublets signals of oxiran ring protons: 2.47 ppm, 2.84 ppm and 3.92 ppm), but chromatographic purification was not possible due to instability on silica gel and alumina. Attempts to use crude product 11f in the next step failed. Compounds 11e-f were prepared in yield 81-82% by reaction of 10e-f with trimethylsulfonium iodide in methylene chloride -50% aqueous NaOH two phase system with tetrabutylammonium iodide under reflux for 12-48 h. 15 In this case, oxirans 11e-f were obtained with purity over 90%. Compounds 11a-h were treated with an equivalent amount of LDA in THF at a temperature ranging from -78 °C to 20 °C. The anion formed by lithiation of the benzotriazole α-carbon in 1-(2-oxiranylphenoxymethyl)-benzotriazoles 11a-h selectively opens the oxiran ring to form 2,3-dihydrobenzofurans 12a-h. To support the reaction pathway proposed in Scheme 2 for benzofurans 13a-f, and to investigate the accessibility of the benzotriazolyl group for substitution in 12a-f, we isolated and characterized compounds 12d-syn, 12d-anti, 12f-syn, and 12f-anti and used them for the preparation of benzofurans 13d,f. We also prepared compound 12g, which was formed exclusively as the anti diastereoisomer. In the case of 12h, we obtained both syn and anti diastereoisomers. The 1 H NMR spectra of 12d,f-g show no characteristic signals assigned to the oxiranyl rings of compounds 11d,f-h in the range 2.2-4.1 ppm. The 13 C NMR spectra of 12d,f-g no longer show the carbon signal in 74-84 ppm range, which corresponds to the carbon between the benzotriazole and phenolic oxygen in 11d,f-h. For 12d,fh new signals in the range 93-104 ppm were assigned to the C2 carbons of the 2,3-dihydrobenzofuran rings.
Results and Discussion
The structures of diastereoisomers 12f-anti, 12g-anti, 12h-syn and 12h-anti were unambiguously determined by single crystal X-ray structure determination. Figure 1 shows a perspective view of the molecular structure of a representative example (12h-syn), which ascertains both, the structure and relative stereochemistry of this isomer. Interestingly, in each of the four crystal structures determined, the hydroxymethyl substituent participates in an intermolecular hydrogen bond to the N3 nitrogen atom of an adjacent molecule in the solid state. The signals for the methylene protons of the 3-hydroxymethyl group in 12f-syn in 1 H NMR appear as two multiplets at 3.93-4.01 ppm, 4.04-4.11ppm . The signals for the same protons of 12f-anti appear as two multiplets at 3.37-3.48 ppm, 3.72-3.82 Treatments of 2,3-dihydrobenzofurans 12d, 12f and oxirans 11a-f with two equivalents of LDA in THF at a temperature ranging from -78 °C to 20 °C afford the corresponding 3-hydroxymethylbenzofurans 13a-f in yields of 66-85%. We also tried to substitute the benzotriazole group in 2-(benzotriazol-1-yl)-2,3-dihydrobenzofurans 12f,g. Compound 12f, when treated with a Grignard reagent (3 eq., benzyl magnesium bromide or isopropyl magnesium bromide) in THF under reflux, unexpectedly gave only the corresponding benzofuran 13f (45%), as the result of benzotriazole elimination. Compound 12g was unreactive to these Grignard reagents. Attempts to use a zinc reagent (3 eq., isopropyl zinc bromide) in THF on 12f were also unsuccessful. In an attempt to substitute benzotriazole with hydrogen, compound 12g was reacted with lithium naphthalenide 16 (3 eq.) in THF at temperatures ranging from -40 to 20 °C followed by the addition of water. This gave only the product 14. Structure of 14 was deduced from its 1 H and 13 C NMR spectra, which showed a set of signals characteristic for a N-substituted benzotriazole group, two broad singlets at 5.3 ppm and 10.1 ppm corresponding to the two hydroxy groups and the four doublets corresponding to the two methylene groups, which do not have neighboring protons.
Conclusions
An efficient method for preparation of 3-hydroxymethyl-2,3-dihydrobenzofurans and 3-hydroxymethylbenzofurans has been developed using benzotriazole mediated benzofuran ring closure. The application of this method allows the preparation of the 3-hydroxymethyl-2,3-dihydrobenzofurans 12d,f-h and 3-hydroxymethylbenzofurans 13a-f in good yields, starting from readily available salicylic aldehydes.
Experimental Section
General Procedures. Melting points were determined on a hot-stage apparatus and are uncorrected. NMR spectra were recorded in CDCl 3 with TMS as the internal standard for 1 H (300 MHz) or a solvent as the internal standard for 13 C (75 MHz). Micro elemental analyses were performed on a Carlo Erba EA-1108 elemental analyzer. LDA was used freshly prepared from nbutyllithium and di-iso-propylamine. Di-iso-propylamine was dried over calcium hydride. DMF and DMSO were dried over molecular sieves. Column chromatography was conducted with silica gel 200−425 mesh. .
Materials

General procedure for the preparation of O-alkylated (2-hydroxyphenyl)methanones (10a-h)
A mixture of (2-hydroxyphenyl)methanone 8 (20 mmol), 1-benzotriazol-1-ylalkyl chloride 9 (22 mmol) and potassium carbonate (3.6 g, 26 mmol) in DMF (50 mL) was stirred at 40−50 °C for 4 h. Then, the reaction mixture was cooled to 10-15 °C and ice-water (approx. 30-40 mL) was slowly added. The precipitate was filtered off, washed with water and dried in vacuum. The products 10b, 10d were extracted with ethyl acetate, the extract was washed with water, dried over magnesium sulfate and the solvent was removed under reduced pressure. The residue was purified by column chromatography on silica gel. 4, 109.4, 114.8, 120.3, 123.2, 124.8, 125.9, 128.6, 129.2, 132.6, 135.9, 146.3, 158.0, 188.7 5, 84.1, 110.4, 114.6, 120.1, 122.7, 124.3, 125.5, 128.0, 128.9, 130.6, 135.6, 146.5, 157.5, 188.5 2, 74.7, 109.4, 115.1, 120.2, 124.7, 125.7, 128.5, 129.1, 132.6, 132.9, 136 1, 20.7, 84.5, 110.5, 114.9, 120.2, 124.4, 125.4, 128.1, 129.2, 130.8, 132.6, 136.4, 146.6, 155.7, 188.9 8, 115.7, 119.8, 123.1, 124.4, 128.1, 128.2, 129.6, 129.7, 130.6, 131.9, 132.5, 133.0, 137.3, 146.1, 153.5, 195.6 
2-(Benzotriazol-1-ylmethoxy)benzaldehyde (10a
General procedure for the preparation of oxirans (11). Method A for 11a-d and 11g-h
Potassium tert-butoxide (0.9 g, 8 mmol) was added to a stirred solution of the 2-(benzotriazol-1-ylmethoxy)phenylmethanone 10 (2 mmol) and trimethylsulfonium iodide (1.63 g, 8 mmol) in DMSO (20 mL) at 10-15 °C. The reaction mixture was stirred at the same temperature for 1 h, then it was allowed to warm to 20-25 °C and kept at this temperature for 4 h. Then, ice-water was added and the product was extracted with dichloromethane or ethyl acetate. This extract was washed with water, dried over magnesium sulfate, and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel.
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Method B for 11e-f. A vigorously stirred mixture of 10 (3 mmol) with trimethylsulfonium iodide (0.82 g, 4 mmol) in the presence of tetrabutylammonium iodide (50 mg, 0.13 mmol) in dichloromethane (10 mL) and 50% aqueous NaOH (10 mL) was refluxed under a nitrogen atmosphere for 12−48 h. When 10 was consumed (as monitored by TLC), the product was extracted with dichloromethane. The extract was dried over magnesium sulfate and the solvent was evaporated to give the crude product 11 in approximately 90% purity. These products were used for preparation of compound 12 and 13. The oxiran 11e can be additionally purified by column chromatography on silica gel with a mixture of ethyl acetate-hexanes (1:3). 1, 75.3, 109.4, 114.8, 120.0, 123.5, 124.5, 125.4, 128.0, 128.2, 129.0, 132.7, 146.1, 154.7 6, 47.7, 50.2, 75.8, 109.5, 115.2, 120.1, 124.5, 125.8, 127.8, 128.2, 129.5, 132.7, 133.3, 146.2, 152.7 C NMR δ 20. 5, 20.5, 21.0, 47.8, 48.0, 50.1, 50.4, 84.8, 85.6, 110.6, 110.7, 114.3, 115.2, 120.2, 120.2, 124.3, 124.3, 125.7, 126.0, 127.0, 127.0, 127.6, 127.9, 129.3, 129.5, 131.1, 131.3, 132.8, 133.1, 146.6, 146.7, 152.3, 152.6 . Anal. Calcd for C 17 H 17 N 3 O 2 : C, 69.14; H, 5.80; N, 14.23. Found: C, 69.24; H, 5.62; N, 14. 7.03 (s, 1H), 2H), 1H), 1H), 7.62 (d, J = 8.3 Hz, 1H), 8.06 (d, J = 8.3 Hz, 1H); 13 C NMR δ 47. 2, 50.2, 75.3, 109.3, 116.2, 120.1, 124.6, 125.4, 128.4, 128.7, 128.9, 130.1, 132.6, 146.1, 153.1. Anal. Calcd for C 15 H 12 ClN 3 O 2 : C, 59.71; H, 4.01; N, 13.93. Found: C, 59.65; H, 3.98; N, 13. 7, 49.9, 55.4, 75.4, 101.7, 108.5, 109.5, 119.8, 120.1, 124.5, 126.4, 128.3, 132.7, 146.2, 155.8, 160.4. Anal. Calcd for C 16 H 15 N 3 O 3 : C, 64.64; H, 5.09; N, 14.13. Found: C, 64.64; H, 5.32; N, 14. 14. 0, 54.6, 56.4, 74.6, 109.5, 114.0, 120.2, 123.0, 124.6, 128.0, 128.2, 129.0, 131.3, 132.7, 146.3, 153.6. Anal. Calcd for C 16 H 15 N 3 O 2 : C, 68.31; H, 5.37; N, 14.94. Found: C, 68.25; H, 5.57; N, 14. 82. 6, 59.3, 74.2, 109.8, 113.9, 119.9, 122.7, 124.4, 125.8, 127.5, 128.1, 128.1, 128.8, 129.8, 130.0, 132.6, 139.9, 146.2, 154.5. Anal. Calcd for C 21 H 17 N 3 O 2 : C, 73.45; H, 4.99; N, 12.24. Found: C, 73.31; H, 5.00; N, 12. 23.
1-{[2-(2-Oxiranyl)phenoxy]methyl}-benzotriazole (11a
1-{[2-(2-Methyl-2-oxiranyl)phenoxy]methyl}-benzotriazole (11g
1-{[2-(2-Phenyl-2-oxiranyl)phenoxy]methyl}-benzotriazole (11h
General procedure for the preparation of compounds 12d and 12f-h A solution of LDA (2.0 mmol) in THF was added to a stirred solution of oxiran 11 (2.0 mmol) in THF (10 mL) at -78 °C. The reaction mixture was stirred at this temperature for 12 h and then quenched with saturated aqueous NH 4 Cl. The product (mixture of 2 diastereomers) was extracted with ethyl acetate. The extract was washed with water, dried over magnesium sulfate and evaporated. Diastereoisomers were separated by gradient column chromatography on silica gel using mixtures of ethyl acetate with hexanes.
[(2R,3R)-2- (Benzotriazol-1-yl)-2,5-dimethyl-2,3-dihydro-1-benzofuran-3 C NMR δ 20. 8, 29.7, 56.0, 61.1, 103.9, 109.2, 112.9, 119.6, 124.0, 125.1, 126.1, 127.9, 129.8, 131.8, 132.7, 145.7, 154.9 . Anal. Calcd for C 17 H 17 N 3 O 2 : C, 69.14; H, 5.80; N, 14.23. Found: C, 69.01; H, 5.76; N, 14. 5, 52.9, 62.1, 104.1, 109.4, 112.7, 119.5, 124.1, 125.8, 126.9, 127.5, 129.4, 131.8, 131.8, 146.2, 154.9 . Anal. Calcd for C 17 H 17 N 3 O 2 : C, 69.14; H, 5.80; N, 14.23. Found: C, 68.93; H, 5.80; N, 14.17 . [(2R,3R)-2-(Benzotriazol-1-yl)-6-methoxy-2,3-dihydro-1-benzofuran-3 55.5, 60.2, 92.7, 96.4, 107.8, 110.9, 117.5, 119.5, 124.2, 124.4, 127.9, 132.0, 145.6, 159.4, 4, 55.6, 63.9, 92.8, 96.5, 108.2, 110.2, 116.5, 120.2, 124.5, 124.5, 128.1, 131.6, 146.7, 159.7, 161.6 4, 69.6, 96.1, 109.7, 111.1, 119.8, 122.5, 123.2, 124.2, 128.0, 129.7, 129.9, 131.8, 146.1, 158. 
